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Abstract 
 Human performance requires choosing what to do and how to do it. The goal 
of this theoretical contribution is to advance understanding of how the motor and 
cognitive components of choices are intertwined. From a holistic perspective I extend 
simple heuristics that have been tested in cognitive tasks to motor tasks, coining the 
term motor heuristics. Similarly I extend the concept of embodied cognition, that has 
been tested in simple sensorimotor processes changing decisions, to complex sport 
behavior coining the term embodied choices. Thus both motor heuristics and 
embodied choices explain complex behavior such as studied in sport and exercise 
psychology. 
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Motor Heuristics and Embodied Choices: How to Choose and Act 
Michael Jordan, a famous basketball player, attempted 24,537 field goals in his career 
and hit roughly 50% of them (.497). When he moved to the free-throw line, about 
80% of 7,327 attempts were successful (.835). Field goals require a choice of shooting 
or passing that needs to be made in milliseconds from any number of positions in the 
field, under defensive pressure, and with uncertainty associated with the choice. In 
free throws, there is no choice between options; the situation is much more constant 
and less likely to fail given the base rates.  
In established research programs, cognitive science and movement science 
have independently tried to explain the making of choices, such as selecting between 
two or more options. Whereas cognitive science has focused on what to do, 
movement science has focused on how to do it. This separation is falling out of favor 
[1], and the term "embodiment" has been introduced to bridge the two disciplines. 
Embodiment describes the link between sensorimotor and cognitive processes. It has 
appeared in more than 10,000 papers, with more than three new papers per day 
published in 2015 (Web of Science; URL: https://login.webofknowledge.com). Terms 
such as “embodied cognition” illustrate that the research gap is beginning to close (for 
an overview see [2]). 
The rationale for describing choices and movements in one framework is 
based on a holistic approach to describing behavior [3]. Although it can be useful to 
divide the scientific exploratory work between disciplines such as movement science 
and cognitive science, it can limit the ability to describe complex training or 
competition behavior in disciplines such as human movement science [4]. Likewise in  
science, experimentally testing perceptual factors that influence performance is often 
detached from controlling cognitive or emotional factors and, for internal validity, 
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often reduced to simple stimuli and simple key-press responses. This commonly 
accepted “divide and conquer” approach in science may be unsuitable for exploring 
complex behavior such as Michael Jordan's decision to shoot or pass [5].  
To provide a starting point for a future research program combining cognitive 
and movement science, I have coined two terms, described in the following sections. 
“Motor heuristics” borrows from the cognitive science research describing how 
people choose under limited time and distribute their cognitive resources. It stresses 
that the motor system does explain part of the choices. The concept of “embodied 
choices” is derived from movement science research programs that describe how 
people control their movements in various situations, influencing their choices. 
Motor Heuristics 
I define a motor heuristic as a simple rule of thumb that allows an athlete to 
choose between options (here movements) to satisfy the current needs in a situation. 
This concept is based on the notion of simple heuristics [6], which have been used 
mainly in cognitive tasks such as the city-size question (e.g., which of two German 
cities, Berlin or Hamburg, has more inhabitants?). Heuristics are composed of search, 
stop, and decision rules: For instance, in the city comparison, search might start with 
the most valid cue, such as whether one of the cities is a capital. If one of the options 
is positive on that cue and the other not, the decision maker stops considering further 
cues and decides for the city with the positive value on that cue (here, Berlin). For 
motor heuristics, a holistic approach would add an execution rule. In Michael Jordan’s 
case, he needs to search for information to decide between passing and shooting and 
to stop this information search when a cue is positive for shooting, such as his 
distance from the basket or the closest defensive player. Michael further needs to 
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decide how he should produce the shooting movement given the distance or the 
behavior of the defensive player.  
 Motor heuristics are therefore able to capture the search for information and 
the choice of what to do and how to do it [7]. Recently this concept of simple 
heuristics in cognitive tasks has been transferred to the scientific study of sports 
behavior. This allows for describing and explaining complex behavior not as a list of 
separate abilities but rather in terms of heuristics that integrate cognition and action 
components of complex behavior (for reviews see [8,9]). For another example 
consider table tennis [7]: A player has only milliseconds to process the visual 
information about where the opponent has placed the ball and with what kind of spin. 
The player decides whether to prepare a forehand or backhand stroke and how to 
realize that movement to counteract the spin with temporal and spatial precision. Such 
a complex movement can be separated into deciding what to do (forehand vs. 
backhand) and how to do it (topspin, underspin). Heuristics can define a search rule 
(movement rotation of the bat), a stop rule (no further information needed), a decision 
rule (if right-handed, use forehand if ball falls to the right of your midline), and an 
execution rule (rotate opposite to the direction of spin to counteract the spin).  
Embodied Choices 
 I define embodied choices in the same vein as motor heuristics, as rules of 
thumb that are useful when limited time and resources force athletes to decide quickly 
between two or more options. However in the context of real behavior, I argue that 
one cue that has so far been neglected for such choices is the human body and its 
stored sensorimotor experiences (but see [10-12]). Consider again Michael Jordan’s 
options: Embodied choice models assume that the sensorimotor system itself provides 
cues for choices. For instance, the perceptual ability to resolve details in dynamic 
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situations of moving players and objects is called dynamic visual acuity (DVA). In 
basketball, shooting performance has been shown to correlate with DVA in some 
studies (e.g., [13]). If that DVA changes due to fatigue or other factors, it may serve 
as a cue to change the decision of whether to pass or shoot. Other cues often used to 
explain athletes’ choices refer to cost–value analysis or cognitive examination of 
complex calculations of expected values, but these seem to be less important (see 
detailed comparisons of different models in [10]).  
 For embodied choices, the execution as described in motor heuristics is thus 
not only the end product of a cognitive choice between two options but itself serves as 
a cue about whether one or the other option can be processed. An important 
implication is that in two-phase models it is assumed that choosing what to do and 
how happens sequentially. However it seems likely that these processes run in 
parallel, as supported by neurophysiological and animal research (e.g., [14]). Such 
arguments have been tested in much simpler behavior [10] and recently the concept 
has been extended and revised for skill acquisition in sport performance [15].  
Integrating Motor Heuristics and Embodied Choices  
A benefit of introducing two concepts—motor heuristics and embodied 
choices—to describe human performance is that motor heuristics focus much more on 
the execution than embodied choices and embodied choices focus much more on how 
are options generated [7]. Theoretically motor control can be understood in terms of 
decision making (e.g., [16]), but as illustrated in the Michael Jordan example, an 
explanation of the shoot-or-pass decision or a free throw movement requires different 
descriptions of cognitive and action components (see Figure 1).  
insert Figure 1 about here 
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Integrating the two concepts allows for describing and explaining a range of 
behaviors in sports psychology, from very routine motor behavior that is performed in 
milliseconds to complex behaviors that are enacted over longer periods of time. 
Empirical evidence for heuristics has been focused so far on athletes’ behavior (for a 
recent summary see [9]). Empirical evidence for specific heuristics and tests in 
independent labs have supported some of the descriptive and exploratory power (e.g., 
[17]). Further, those heuristics have also been specified in computational models (e.g., 
[18]), longitudinal development, and emotional choices and related to biomarkers (see 
[8] for an overview). Finally specific heuristics that have been developed in sports 
science have been transferred to other disciplines and tasks such as navigation, law, 
medicine, and consumer choice (see [19] for an example). There are a few limitations 
to the approach: Systematic applications describing how motor heuristics are learned 
are still needed, comparisons to alternative models are scarce (but see [18] in sports or 
[10] for hand movements), and the concept does not transfer well to person-specific 
questions, such as testing the developmental nature of motor heuristics or embodied 
choices over the lifespan (e.g., [20]) or applying it to other choices in sport, for 
example, by coaches, referees, fans, or managers (e.g., [21]). 
 What are the benefits of applying the holistic approach of motor heuristics and 
embodied choices to an applied field such as sports psychology? I believe there are 
advantages on three levels: theory, method, and practice. Theoretically, a holistic 
approach would not describe, explain, and predict sports behavior in the classic 
language of building blocks or performance (e.g., perception, cognition, emotion, 
action) but rather would integrate the behaviors into heuristics that describe internal or 
external search (memory, perception), stopping information search (cognitive 
processes, situated actions), and making a choice (option generation, action selection) 
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in concepts of motor heuristics and embodied choices. Whether theoretically motor 
heuristics are applied to understand the spatial and temporal precision of the 
movement or embodied choices are applied to understand the situational and personal 
processes of a long-term choice is simply task- and person-specific. The holistic 
approach thus allows capturing the interaction of the multiple and parallel processes 
that are present in complex behavior, with all the consequences that may follow for 
designs and tests. However, describing complex behavior and multiple interactions 
itself does not imply complex models, as the power of simplicity is a hallmark of 
heuristics in general and motor heuristics specifically (e.g., [9]).    
Methodologically, a list of processes would not be sufficient to satisfy a 
holistic approach. Rather, one advantage of applying motor heuristics and embodied 
choices is being able to align tests and dependent variables that too often have been 
treated independently. For instance, gaze data that provide information about external 
search should be combined with an option-generation paradigm to measure internal 
cognitive processes, with the action selection and execution itself. The technology to 
synchronize and use mobile eye trackers and mobile electroencephalography while 
simultaneously measuring kinematics exists but is not yet systematically used in most 
laboratories. Recent attempts that go beyond correlating dependent variables to 
measure the dynamics of internal and external search and complex behavior indicate 
that research is moving in this direction (e.g., [22,23]).   
On the practical side, if validated in the future, a holistic approach would 
suggest alternatives for training and competition. For instance, practicing individual 
abilities would be replaced by training specific heuristics, and diagnostics would be 
based not on profiles of cognitive or motor components but on whether and how well 
athletes apply motor heuristics or embodied choices (e.g., [24]). Whether feedback, 
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instructions, and training methods will change is too far in the future to be foreseen 
and requires empirical testing.  
 In conclusion, merging cognitive science and movement science into one 
holistic approach to describe complex actions has not yet been attempted. The 
judgment and decision-making research on simple heuristics is promising, if 
execution rules that describe movement-related interactions with the environment are 
added. The movement science research on embodied cognition is promising, if its 
adds combined descriptions of decision and execution rules. I argued here that motor 
heuristics and embodied choices are concepts that need to be further developed, 
tested, and applied in sport and exercise psychology.  
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Figure 1. Integrating motor heuristics and Embodied Choices for how to choose and 
act in the domain of sport psychology
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